An epidemic of cardiovascular disease (CVD) is taking place in developing countries, related to rapidly aging populations (as a result of improved control of infectious diseases in childhood), changing lifestyles (accompanying industrialization and urbanization), and nutrition transition. 1-3 As developing countries cannot afford the high costs of treating CVD in large portions of their populations, appropriate preventive strategies should be implemented promptly to control risk factor levels in the general population and in individuals at high risk.
addition, the association of the main modifiable cardiovascular risk factors with socioeconomic status (SES) is often unclear in these countries. 4 The directions of these associations are important to know in order to anticipate health trends, since direct SES-risk factor relationships may predict a further deterioration of age-specific CVD rates with improved prosperity.
Health indicators in Tanzania reveal a heavy double burden of communicable and non-communicable diseases. Malaria, AIDS, tuberculosis and other infectious diseases are still leading causes of death, particularly in childhood. Hence, mortality before age of 5 years is very high (150 per 1000). 5 Moreover, survivors of childhood also experience extremely high mortality rates during adulthood. For example, age-adjusted mortality at ages 25-60 years was 10-20 times higher in Tanzania than in England. 6 In fact, age-specific mortality from some non-communicable diseases can be higher in developing than developed countries. Stroke mortality was several times more frequent in Dar es Salaam than in England, which was postulated to relate to high levels of blood pressure (BP) and poor hypertension control. 7 We therefore examined the prevalence of selected major modifiable risk factors of CVD, including BP, body mass index (BMI) and smoking habits, and their associations with indicators of SES in a representative sample of the adult population of Dar es Salaam, Tanzania.
Methods
The Republic of Tanzania is situated on the East Coast of Africa, south of Kenya and north of Mozambique. Tanzania has 33 million inhabitants with more than 2 million in Dar es Salaam, the economic centre (Dodoma is the political capital). Both total fertility rate and mortality rate are high (respectively 5.5 and 16 per 1000 in Tanzania versus around 1.5 and 10 per 1000 in Europe 5 ), which characterize early epidemiological transition. Infant mortality rate is very high (98 per 1000 live births) with a mean life expectancy reaching 45 years. 5 The gross national product per capita was US$220 and total health expenditures at official exchange rate amounted to only US$12 per capita in Tanzania in 1999 compared to 240 in Mexico and 1600-3600 in Western European countries. 5, 8 The study area consisted of five branches of Temeke District in Dar es Salaam. These are five of eight branches that are part of a National Sentinel Surveillance system for monitoring burden of disease that is being developed by the Adult Morbidity and Mortality Project (AMMP), a project of the Tanzania Ministry of Health, funded by the UK Department for International Development and implemented in partnership with the University of Newcastle upon Tyne. 6, 7, 9 The population of these branches is enumerated every 6 months while other parts of Dar es Salaam were last enumerated in 1988 by the National Census. Within the study area, a majority of homes have one level, around half have no electricity, and less than a quarter have running water.
The study was a cross-sectional survey of cardiovascular risk factors of the adults aged 25-64 living in the study area. Seventeen local clinical officers visited all homes in the study area between November 1998 and August 1999. They administered a questionnaire and performed anthropometric and clinical measurements on all residents encountered at the inhabitants' homes. In view of the large emigration-immigration rates in the area, inhabitants not registered in the census of September 1998 but living in the study area at the time of the survey (i.e. newcomers) were also included. Visits to inhabitants were facilitated by 'ten-cell leaders' (called 'balozis' in Kiswahili), i.e. the community leaders who administer clusters of '10 adjacent houses' ('shinas') or approximately 100-200 people and who know personally all the residents in their respective constituencies.
The questionnaire explored socioeconomic variables, lifestyles and medical history. Height was measured at 0.5 cm precision with a portable sliding caliper gauge. Weight was measured with electronic scales at 0.1 kg precision (Planax Automatic ST 500, Terraillon, Paris, France). Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). Smoking was defined for a reported consumption of у1 cigarette/day. Blood pressure (BP) was measured with validated automated devices (Visomat® 2, Hestia Pharma, Mannheim, Germany). 10 Three BP measurements were taken on the left arm at intervals of at least 5 min. The average of the second and third BP readings was considered in this study. Cut-off values for 'overweight' (BMI 25.0-29.9 kg/m 2 ), 'obesity' (BMI у30.0 kg/m 2 ) and 'hypertension' (BP у140/90 mmHg or self-reported use of antihypertensive medication) followed recent definitions from the World Health Organization. 11, 12 Participants were free to participate and informed consent was sought from each participant. Socioeconomic status was assessed with indicators of scholar education, occupation and wealth. Wealth level was characterized by a summary variable accounting for the household ownership of electricity (reported by 61.5% of respondents), television (26.0%), refrigerator (28.9%), flush toilet (14.8%) or car (6.0%). Each positive answer scored one point so that the variable ranged from 0 (lowest) to 5 (highest). The study was approved by the National Institute of Medical Research and by the Tanzanian Commission for Science and Technology.
A sub-study was conducted later in October-December 1999 on 500 randomly selected non-participants (as identified from the census of September-October 1998) to examine migration rates in the study area and characteristics in non-participants as compared to participants to the study. Five clinical officers made up to four visits to the selected non-participants' homes, with the assistance of the ten-cell leaders of the corresponding areas. Information on vital status and place of emigration was gathered from the ten-cell leaders and neighbours for persons no longer living in the area. The encountered non-participants were submitted to the same questionnaire and physical examination as the participants of the main study.
Mean values and prevalence of selected variables of interest have been tabulated by sex and 10-year age categories. Prevalence adjusted for age to the new 'standard world population' were calculated. 13 Multivariate linear and logistic regression models were performed to examine the associations between outcomes and variables of interest, adjusting for age, sex and potentially confounding variables. Interactions effects were evaluated among variables with significant main effect. Analyses were performed with Stata 6.0 (Stata Corporation, College Station, Texas, USA). P-values Ͻ 0.05 were considered significant.
Results
In view of the large replacement rates of the population in the study area and assuming a stable dynamic population, the overall participation rate (62.2%) can be estimated as the ratio of the 9254 participants divided by the 14 866 people aged 25-64 identified in the census of October 1998. Participation was lower in men (45.2%) than in women (81.9%) but similar across age categories. Of the 9254 participants (39% men, 61% women; mean ± SD age: 35.5 ± 9.8 years), 98.4% were black, 66.5% Moslem and 30.9% born in Dar es Salaam.
The sub-study of non-participants, conducted 12-14 months after the census of September-October 1998, indicated that 21.2% had moved outside of the study area (a majority outside of Dar es Salaam), 3.6% were dead, 4.8% were 'travelling' (several of them for a few months), and the fate of 4.2% was unknown. This shows a high emigration (and implicitly immigration) rate that may exceed 20-25% per year and which is consistent with the 25% migration rate per year found in another study in this area. 14 Among the 331 non-participants who were found in the study area, 14 could not be met, 5 refused to be examined and 312 were examined. Compared to the study participants, nonparticipants had non-significant higher systolic and diastolic BP and higher BMI (P Ͼ 0.05 for all differences between sex-and 10-year age-specific estimates). Indicators of occupation and prevalence of smoking were similar in participants and nonparticipants in both sexes. This suggests that risk factor levels were not substantially different in non-participants as compared to participants. Table 1 shows the distribution of cardiovascular risk factors by sex and age. For both men and women, systolic BP increased linearly with age while diastolic BP tended to plateau after the age of 45-54 years. The association between age and systolic BP was steeper in women than in men and the overall prevalence of hypertension was higher in women than in men. Mean levels of BMI increased up to the age of 45-54 years and dropped slightly thereafter in both men and women. The prevalence of 'overweight' was similar in men and women. However, the prevalence of 'obesity' was more than two times higher in women than in men. Prevalence of smoking was low in both genders. The number of cigarettes smoked per smoker was fairly low in men and in women. The prevalence of quitters increased largely with age. More than 60% of men and 75% of women reported abstaining from drinking. Prevalence of self-reported history of diabetes was fairly low and increased substantially with age in both men and women. Adjusted to the world population, prevalence (%) among men/women aged 35-64 years was 27.1/ 30.2 for BP у140/90 mmHg or antihypertensive medication, 13.1/17.7 for BP у160/95 mmHg or medication, 28.0/27.4 for body mass index (BMI) of 25.0-29.9 kg/m 2 , 6.9/17.4 for BMI у30 kg/m 2 , and 22.0/2.6 for smoking. Table 2 shows the relationships between various indicators of SES and systolic BP, BMI, and smoking status after adjustment for age and sex in all models and, in addition, BMI for regression models on systolic BP. These parsimoniously adjusted models indicated that a higher SES was consistently associated with a lower systolic BP (particularly after adjustment for BMI), a higher BMI and a lower prevalence of smoking. The adjusted association between systolic BP and SES was stronger across categories of education than categories of occupation or wealth. In contrast, the adjusted association between BMI and SES was stronger across categories of wealth than categories of education and occupation (except for unemployed and students). Finally, the adjusted association between SES and smoking was lowest among categories of wealth. The effect of SES on systolic BP was accrued in most of the considered models by around up to 2 mmHg when BMI (which related directly with SES and negatively with BP) was accounted for. Table 3 shows the results of multivariate linear regression models relating SES variables with systolic BP, diastolic BP and BMI in men and in women. Systolic and diastolic BP were associated strongly and independently with BMI (e.g. 1.01 mmHg systolic BP and 0.91 mmHg diastolic BP per increase of 1 kg/m 2 in men and women, respectively) and with age. These two variables (age and BMI) accounted for most of the variability in BP (e.g. R 2 of 15.7% for systolic BP in men versus 16.6% for the full model as displayed in Table 3 ). The SES variables were associated more strongly with systolic than diastolic BP and in women more than in men. Noticeably, categories of wealth and education inter-correlated only moderately (e.g. 32% of people with secondary and tertiary education had a wealth score of 0-1 and 6% with scholar education less than secondary had a wealth score of 4-5). Systolic BP was associated more with education than wealth. However, the effect of education was apparent mainly between the 'no education' and 'primary education' categories, particularly for systolic BP and for men. Interaction terms for the joint effect of wealth and education on BP had negative but non significant values (typically -1 to -3 [mmHg], depending on the chosen cut-off values), suggesting a trend toward an effect that could be more than additive. Being born outside of Dar es Salaam (6408 of 9254 participants) was also associated independently with higher BP than being born in Dar es Salaam. Inclusion in the regression models of antihypertensive treatment (yes or no) or place of birth did not alter the regression coefficients of the SES variables, indicating that the effect of SES on BP was not mediated through these variables.
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Body mass index was associated strongly with age, and in women more than in men. Body mass index was directly and independently associated with education (women) and with wealth. Among men, smokers had BMI smaller by 1.14 kg/m 2 compared to non-smokers, after adjustment for covariates. The difference (-0.65 kg/m 2 ) was not statistically significant in women but there were only 72 women who reported smoking (hence a small statistical power). Being born outside of Dar es Salaam was not associated with BMI.
Only 143 (1.6%) of the 9254 participants reported taking antihypertensive treatment. Table 4 shows the prevalence of awareness, drug treatment and BP control by sex and education status for two definitions of 'hypertension'. Admittedly, a definition based on lower cut-off values of BP measured at only one visit (survey) is likely to result in a larger number of false positive hypertensive cases. Overall, 31-52% of hypertensive persons were aware of their condition, 11-23% were taking a treatment, and 7-13% had BP controlled. These proportions were more favorable in women than in men and in educated than non-educated people.
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Discussion
This study in an urban population in early epidemiological transition shows a high prevalence of hypertension and excess weight in both men and women, particularly after the age of 45 years. After adjustment for covariates, SES was associated inversely with BP and smoking and directly with BMI. BP tended to relate more with education than wealth, BMI related more with wealth than education and smoking related similarly with both. Antihypertensive treatment was taken less often by men than women and by persons of low than high SES. The prevalence of hypertension was high, particularly after the age of 45 years. BP levels were, however, substantially lower in this study than in 770 adults aged у15 years in another area of Dar es Salaam. 15 Lower values in our study may relate to measurements based on 2nd and 3rd measurements (versus 1st and 2nd in the other study) and use of automated devices (versus mercury sphygmomanometers). Automated devices tend to give lower BP values compared to mercury devices, according to formal validation studies. 10, 16 The prevalence of hypertension in our study was higher than that found in previous studies in Tanzania, generally in rural areas: 1-5% in the 1960s, 17 2% in 1979 18 or 2-10% in villages in 1987-1989. 19 Prevalence in this study was similar to that in several African urban populations, 20 lower than in some higher income African countries (e.g. 28% in Seychelles 21 or 30% in South Africa 22 ) and much lower than in African Americans (43%). 23 Regression models include all variables listed, except when stated otherwise. Detection and treatment of hypertension were poor, irrespective of how hypertension was defined. These levels were, however, substantially better in women than in men and in educated than non-educated persons, which is consistent with findings in several other populations. 20 Low control levels may reflect the combined effects of competing priorities in health care such as infectious diseases, scarce resources, and low level of public education on non-communicable diseases. 24 The inverse SES-BP relationship in our study was apparent without adjustment for BMI and it expectedly increased further after adjustment for BMI (BMI was associated positively both with SES and with BP). A recent meta-analysis indicated that BP was higher (e.g. by 2-3 mmHg for systolic BP) in persons of high than low SES in most studies in developed countries while findings were less consistent in the few studies from developing countries. 4 A small BP difference can have large impact at a population level since, for example, a 5-mmHg lower diastolic BP predicts a 21% lower coronary heart disease rate and a 34% lower stroke rate. 25 Our data suggest a stronger effect of education than wealth on BP. This may suggest the importance of knowledge for the adoption of healthy lifestyles and diet. A healthy diet, for example, can indeed substantially lower BP. 26 The prevalence of excess body weight was substantial, particularly after the age of 35 years. Although the overall prevalence of obesity is as low as 2.5% in the mainly rural sub-Saharan populations, it is typically higher in urban than rural settings and in educated than uneducated people. 27 The epidemic of obesity in developing countries has been attributed to large changes in the diet structure and in professional and leisure occupation types, which all relate strongly to urbanization. 28 Body mass index was strongly associated with SES, particularly with indices of wealth. A direct SES-BMI relation is consistent with findings in other developing populations 29, 30 but it contrasts with an inverse gradient generally found in developed countries, inclusive in people of African descent. 31, 32 In developed countries, higher BMI in individuals of lower SES has been related to restricted knowledge and behavioural options/ access toward healthy foods or safe exercise, lower valuation of weight control, discrimination against socioeconomic advancement and cultural standards of physical attractiveness. 33 Cultural factors may differ in developing countries where food sometimes remains a daily challenge and overweight may subsequently be perceived as a sign of wealth. Body mass index was substantially lower in smokers than in non-smokers. This is consistent with increased energy expenditure 34 and elevated plasma leptin concentrations in smokers. 35 Smoking prevalence was approximately 20% in men and less than 5% in women. These proportions are fairly low compared to both developed and developing countries. 36 The prevalence of regular smokers did not vary substantially with age while the proportions of ex-smokers increased monotonically with age. This can suggest that smoking uptake spreads over a large age range, in contrast to the uptake mainly concentrated in younger ages reported in developed countries.
Smoking prevalence was associated inversely with education and wealth. An inverse SES-smoking association has been found in most industrialized and middle-income countries but less consistently in low-income countries. 37 In a study in 12 South American and Asian centres, the association was positive (non significantly) in three, flat in four, and inverse in five. 38 In Africa, a direct association was reported in several countries, e.g. Nigeria 39 and South Africa. 40 An inverse SES-smoking association may relate to better knowledge of the hazards of smoking and a better use of health-related information in those with higher SES.
From a public health perspective, weight control should have high priority in view of the substantial prevalence of overweight and the detrimental effects of excess weight on several cardiovascular risk factors. Educational, legislative and fiscal interventions should be implemented to facilitate the adoption of a healthy diet and to increase facilities and opportunities for leisure physical activity. 41 In view of the direct SES-BMI association, psychosocial and cultural determinants of obesity should be investigated carefully to inform appropriate health education campaigns in low-income populations where overweight may be perceived as desirable. The establishment of a comprehensive national tobacco control programme is of paramount importance to prevent an increase in the currently fairly low cigarette consumption under the pressure of increasingly aggressive marketing campaigns from the tobacco industry. Finally, affordable medications should be available to hypertensive patients. 42 Special attention should be paid to patients of low SES as they tend to have more adverse cardiovascular risk factor levels and lower treatment rates. Interventions to raise BP awareness and control are also good entry points for comprehensive noncommunicable disease prevention and control programmes. 24 More generally, these data stress the scale and the seriousness of the emerging challenge of cardiovascular disease in developing countries, with particular emphasis on persons of low SES. These data also stress the need for early interventions including both public health strategies and a careful adaptation of the health care infrastructure.
